To investigate acceptability and tolerability of diets of different protein and glycemic index (GI) content aimed at weight maintenance following a phase of rapid weight loss, as part of a large pan-European dietary intervention trial. SUBJECTS/METHODS: The Diogenes study (www.diogenes-eu.org) consisted of an initial 8-week rapid weight-loss phase (800-1000 kcal/day), followed by a 6-month weight maintenance intervention with five different diets varying in protein and GI content. Measurement of a range of outcomes relating to experience of the Diogenes diets in terms of acceptability, experience and mood were recorded via end of day questionnaires throughout the study. RESULTS: Weight change during the initial weight loss phase weakly, but positively correlated with acceptability of the programme (r range ¼ À 0.08 to 0.2, Pp0.05, n ¼ 685 on four of five dimensions). Success at weight maintenance positively correlated with acceptance of the programme (r range ¼ À 0.21 to À 0.34, Po0.001, n ¼ 540 for all five dimensions). The diets with higher protein content were more acceptable than the low protein (LP) diets, however, no differences between the high vs low GI diets were found concerning acceptability and tolerability. CONCLUSIONS: Results suggest that moderately high protein diets, compared with LP diets, are more acceptable diets for weight control in overweight individuals. Keywords: diet acceptability; diet tolerability; obesity; protein; glycemic index INTRODUCTION Dietary-based weight-loss interventions have been shown to produce modest weight loss in obese subjects, however, longterm maintenance of this weight loss still proves to be a barrier in the successful treatment of obesity.
INTRODUCTION
Dietary-based weight-loss interventions have been shown to produce modest weight loss in obese subjects, however, longterm maintenance of this weight loss still proves to be a barrier in the successful treatment of obesity. 1 Recent efforts to develop more, long-term, efficacious treatments have led to a focus on low glycemic index (LGI) and high protein (HP) diets. [2] [3] [4] [5] [6] [7] HP diets have been shown to produce beneficial effects on body weight [8] [9] [10] [11] [12] and are associated with increased satiety, which is believed to contribute to weight loss. 2 Furthermore, it has also been suggested that LGI diets may have some benefit in weight control, 13, 14 although this relationship is not as clear as that for higher protein diets. 7, 15 The suggested positive effect of LGI is enhanced when combined with a HP diet, as increased protein will reduce the glycemic impact of the diet. 16, 17 In addition to the biological benefits suggested by this dietary pattern, it has also been suggested that a diet combining LGI with HP may be less psychologically onerous on individuals as it does not severely restrict any food groups, like many other diets, 18 although this is likely to be dependent on the level of restriction of the protein/GI content. Research has shown that psychological factors may reduce the long-term efficacy and sustainability of various weightloss programmes, due to factors such as lower motivation to adhere to dietary regimes as well as decreased satisfaction with the programmes. 18, 19 Reduced acceptability of the intervention and low motivation to continue a treatment programme will result in poor adherence. The Diogenes intervention trial investigated the efficacy of 'ad libitum' diets high or low in protein and glycaemic index on weight maintenance in an overweight and obese cohort. 20 The results of this large-scale multicentre trial clearly showed that a slightly higher protein content and lower GI produced a greater completion rate and managed to prevent weight regain after an average 11 kg weight loss. 21 These results suggest that the Diogenes HP/LGI diet may provide a solid and efficacious dietary approach as an adjunct to low fat, low energy dense diets, for long-term weight control and reduced cardiovascular risk. 22 Traditionally, dietary approaches to weight management are examined simply in terms of their influence on satiety and energy intake and how they impact on overall energy balance. However, there are additional empirical factors that can be as important for the success of specific diets in weight management, and these appear to be less well researched. Perceived acceptability, satisfaction, enjoyment, convenience and mood while experiencing a weight-loss programme can impact on compliance and outcome. 18, 19 Thus, in order to provide evidence that a prescribed diet, which is efficacious in a randomised trial, may be effective in real life, it is important to obtain information about the acceptability and experience of the diet.
The current study aimed to examine participants' experience of the Diogenes dietary intervention programme. The relationship between weight control and factors such as mood, motivation and acceptability of high/low GI and protein diets in a pan-European sample of overweight and obese individuals was explored.
MATERIALS/SUBJECTS AND METHODS
Data presented in this paper were collected as part of the Diogenes study, a randomised, controlled trial investigating the effects of dietary protein and glycemic index on weight-loss maintenance (after a phase of weight loss), metabolic and cardiovascular risk factors in obese/overweight families in eight European centres (www.diogenes-eu.org). A detailed description of the Diogenes intervention trial and main outcomes can be found elsewhere. [20] [21] [22] [23] [24] [25] In brief, this randomised trial consisted of an initial 8-week weight-loss phase with a fixed low calorie diet (the LCD phase), after which participants were randomised to one of five ad libitum low fat diets for 6 months in a 2 Â 2 plus control design (the dietary intervention phase). The different diets were low protein (LP)/LGI; LP/high glycemic index (HGI); HP/LGI; HP/HGI or control (a low fat healthy eating diet, according to national dietary guidelines). Target intakes in the LP diets were 10-15% energy from protein and 57-62% energy from carbohydrate and in the HP diets 23-28% energy from protein and 45-50% energy from carbohydrates. 23 The achieved composition of the different diets is presented in Table 1 , and reported in more detail elsewhere. 21 The main outcomes of the Diogenes dietary trial, reported that there were significantly fewer dropouts among participants assigned to the HP and LGI conditions than those assigned to the LP and HGI conditions, with the LP/HGI diet group being the only group to show subsequent weight regain. 21 Weight regain was significantly lower in participants following the HP diets than in those following the LP diets (0.93 kg, P ¼ 0.0003).Weight regain was also significantly lower in participants following the LGI diets than in those following the HGI diets (0.95 kg, P ¼ 0.003). 21 Mean weight change during the LCD was 10.8 kg, with a dropout rate during LCD of 14%, with males losing on average 11.6%, and females, 10.4% of their baseline weight. 26 The complete list of inclusion/exclusion criteria together with participant characteristics at randomisation has been published previously. 20 Thus, 932 adults from eight European countries were included in the study. Seven hundred seventy eight adults completed the LCD phase, of which 773 were randomised to one of the five intervention diets. Five hundred forty-eight adults completed the study (see Figure 1 for an illustration of the trial outline).
In addition to addressing the efficacy of the five different diets in preventing weight (re)gain, the intervention study also measured a range of psychological, genetic and biological variables. Data reported in this paper examined the experience of the dietary programme. The Participants completed an end of day questionnaire (EDQ), which included questions assessing acceptability and tolerability of the weight control programme and their mood, confidence in ability to lose weight and motivation to lose weight at specific time points during the study to measure experience of the dietary programme (see Table 2 for question wording).
Participants were asked to rate their responses on a visual analogue scale from zero to 100 (extremes weighted at each end given in parenthesis below) in relation to the following:
How satisfying/convenient/easy to stick to/motivating/enjoyable you found the weight-loss programme (not at all/very)? How would you rate your general mood today (very good/very bad)? Please rate specific aspects of your mood today on the following four scales: energy (tired/energetic), anxiety (tense/relaxed), happiness (sad/ happy) and clear-headedness (dazed/clear headed).
Participants were also asked how motivated/confident they were that they could prevent weight gain over the following 2 weeks period.
Responses were recorded on a five-point Likert scale from 'Not at all motivated/confident' (1) to 'Very motivated/confident' (5) (confidence, motivation).
These items were completed by respondents 3 weeks into the initial 8-week LCD weight-loss phase (measure 1), at the end of the LCD phase (measure 2) and subsequently, every 2 to 4 weeks during the dietary intervention phase (weeks 2, 4, 6, 10, 14, 18, 22 and 26 specifically). The last data point used in the current analysis is that measured at the end of the dietary intervention phase (week 26, see Figure 1 ). In this paper measures for the LCD phase are based on an average score of measure 1 and Body weight was measured at each visit to the clinical investigation centre. For the purposes of this paper, weights at the start of the trial (clinical investigation day 1, CID1), at the end of the 8-week LCD phase (CID2) and at the end of the dietary intervention phase (CID3) are used (see Figure 1 ). Using the weight data at these time points, overall weight regain was computed, which was calculated as weight change during the intervention (CID3-CID2) as a percentage of CID2 weight.
The study was approved by the local ethical committees in the respective countries. The study protocol was in accordance with the Declaration of Helsinki. 27 All adults participating in the study signed an informed consent document after verbal and written instructions and according to local legislation.
Statistical analysis
A per-protocol approach was taken for analyses involving weight change. Therefore, dropouts were excluded from these analyses and only participants for whom both questionnaire data and weight data across the full intervention period were available, were included. For mean scores, an intention-to-treat approach was taken in the analysis.
Means of the non-missing acceptability and tolerability scores were calculated for each phase (weight loss and maintenance). Pearson's correlation coefficients were used to assess the association between these mean scores during weight loss or weight maintenance and the change in weight during these periods. Linear models were fitted for mean questionnaire scores (the outcome variable) with diet, centre, diet Â centre interaction, age, gender and BMI (measured on entrance to the study) of the subjects as explanatory variables. Differences among the five diets were examined by including contrast terms for (i) control vs other diets, (ii) high vs LP diets and (iii) high vs low GI diets. The effect of each variable in the model (as determined by its coefficient in the regression), was therefore adjusted for all the other variables. Associations among these explanatory factors were all weak, even the association between age and BMI (r ¼ À 0.04).
RESULTS AND DISCUSSION
Of those included in the study 66% were female and 34% male, aged between 36 and 54 years (mean age for males ¼ 42 years, mean age for females ¼ 40years). Forty three per cent of the sample took part with their spouse. The sample were well educated with 49% having completed secondary level school and 45% having completed higher vocational/university education. Relevant concomitant comorbidities were recorded in one third of the sample (35%). As a measure of income, participants were asked how much money they spent on food and drinks per month, with 22% spending between d100-d299 (or equivalent in the relevant currency), 32% spending between d300-d499 and 25% spending between d500-d699.
Mean scores for acceptability of the weight control programme during the LCD phase were positive (all 450 on a scale of 0-100) ( Table 2 ). Overall scores for satisfaction and convenience of the LCD programme were positive, as was motivation to continue with the weight-loss programme. Scores for ease and enjoyment of the programme were, however, somewhat lower. The only gender difference identified was for satisfaction (Male vs Female, 74.3±18.0 vs 69.8±19.6), Po0.001). Results from the main trial found that gender was a significant predictor of LCD weight change, with males losing more weight during this phase of the study. 26 Measures for mood during the LCD phase were also positive (scale 0-100), with the lowest scores being for tired/ energetic and tense/relaxed. Males rated themselves as more energetic (62.0 ± 19.4 vs 57.2 ± 21.9, Po0.001) and happier (66.9±19.0 vs 63.0±21.9, Po0.01) than females.
Scores for motivation and confidence in their ability to prevent weight gain were also recorded on a five-point scale. Participants were shown to be highly motivated (mean 4.5±0.8, of 5) to prevent future weight gain and very confident in their ability to prevent future weight gain (mean 4.3 ± 0.8, of 5) when asked during the LCD phase.
Except for enjoyable, each of the five dimensions of acceptability of the weight control programme during the LCD phase was significantly, but weakly, correlated with weight change during that phase (Table 3) . A negative correlation suggests higher acceptability scores are associated with greater weight loss. Scores for general mood, anxiety, happiness and motivation and confidence in one's ability to prevent weight regain were also significantly associated with greater weight change ( Table 3) .
The relationship between mean acceptability score and weight regain was explored after controlling for age, gender, baseline weight and centre (Table 3 ). There was a significant negative relationship between scores for acceptability of the weight control programme and weight regain, during the randomised phase of the study (Po0.001 for all five dimensions), suggesting that as scores increased, weight regain decreased. Mood scores (except for general mood) were also shown to be significantly negatively correlated with weight regain (Pp0.01 on all dimensions).
Associations were assessed between acceptability and mood scores during the randomised phase of the study and diet, age, BMI and gender (Table 4 ). There were no significant effects of diet so these data are not presented in Table 4 . Participants with higher BMIs found the diets less convenient and enjoyable. Males had a higher self-reported mood than females and feelings of happiness declined with higher BMI. Enjoyment of the programme increased with age. Higher scores represent more positive outcome.
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The results of the randomised phase of the study reported significant difference between diet groups in terms of dropout and weight control. The HP conditions had lower dropouts as well as lower weight regain compared with the LP conditions, as did the LGI conditions compared with the HGI conditions. 21 Table 5 shows that while there were no significant differences for the HGI versus LGI diets, the LP diets were significantly less acceptable than HP diets on all dimensions measured, except for satisfaction. Additionally, the control diet was found to be significantly more acceptable than the intervention diets on all dimensions measured, except for satisfaction. There were no significant differences in mood, motivation or confidence in preventing weight regain by diet (data not presented). Gender was included as a factor in the analyses, however, no significant differences between males and females were identified.
DISCUSSION
It is often the case that little interest is given to the views and experiences of obese individuals undertaking dietary treatment programmes for weight control, despite recognition that the views of those exposed to a treatment should be included as an outcome measure in evaluating a treatment programme. 28 Knowing more about dieters' experiences of a treatment option is likely to enable better tailoring of treatments to individuals. Overall the results of this study demonstrated a positive association between experience of the dietary programme and successful weight control.
The current analysis investigated the acceptance and experience of participants of a weight regain prevention trial investigating low/HP and low/high GI diets. Overall satisfaction with and response to the LCD phase were favourable and significantly correlated with weight change during this time. Participants' motivation to continue and confidence in their ability to prevent weight gain was high in the LCD phase. Although it has been noted that satisfaction is associated with better weight loss outcomes, the reporting of these data are uncommon in the scientific literature and are not often measured alongside the intervention programme being tested. 19 The results of this study support research suggesting that individuals, who are satisfied with their experience of a weight loss programme, are more likely to be successful at weight control. 19 Research has shown that disappointment in initial expectations of weight loss can lead to dissatisfaction and decreased effort to continue weight loss efforts. 29, 30 It is possible that participants' expectations with regard to weight loss during the LCD phase were exceeded-with participants successfully losing on average 11 kg of their body weight in an 8-week period. Realistic expectations in relation to weight control have been shown to promote better weight control results. 31, 32 Rothman's 33 conceptual model differentiates between the behaviour change relating to weight loss and weight maintenance, suggesting that the expectations of the process and outcomes are important determinants of initial weight loss efforts, whereas satisfaction with the outcomes is important for maintenance of weight loss. These analyses also revealed significant correlations between acceptance and different mood aspects measured during the dietary intervention phase and weight regain. The results of the main trial reported that, in general, participants continued to lose or maintain their weight during the dietary intervention phase. Previous studies have demonstrated a positive relationship between programme satisfaction and successful weight control. 19, 34, 35 These results suggest that a dietary programme giving satisfaction and meeting participants' expectations are more likely to produce better longterm weight maintenance.
Investigation of acceptability and response to the different intervention diets which promote weight maintenance, rather than continued weight loss, revealed significant differences between HP and LP conditions, but failed to show any difference between LGI and HGI conditions. Overall, the HP conditions were experienced more positively than the LP conditions. A number of studies have compared high and LP diets, concluding that HP diets enhance compliance owing to reduced hunger and increased satiety, 4, 36, 37 with one study reporting that a HP diet 38 It should be noted that the protein intake in the HP group did not reach the targeted 23-25% energy, but an average of B22% energy intake. Although a similar level has been described in other studies looking at HP diets, 39 it is not as high as that witnessed in other dietary studies (that is, X30%). 40, 41 In addition, the difference between the LP and HP diets in terms of percentage energy from protein was smaller than targeted. However, despite this, the positive effects of a higher protein diet, in relation to acceptability, were still evident. It should be noted that the control diet was found to be significantly more acceptable than the other intervention diets, however, this was not reflected by corresponding success in weight gain prevention. 21 Results from the Diogenes study, reported elsewhere, showed significantly lower dropouts and lower weight regain in the HP groups compared with the LP groups. 21 Increased success at weight control has been shown to produce high self-rated satisfaction with treatment programmes. 19 Previous studies demonstrate the positive psychological effects of weight loss generally. 42 A range of mechanisms have been suggested to explain such changes, including the satisfaction of achieving goals and improved physical health and mobility. A recent study looking at expectations and experience of HP versus high carbohydrate diets revealed higher scores for participants selfrated expectations in terms of weight control for the HP diet, however, the difference between the diets was not significant. 43 The influence of attrition on the outcomes of this trial are discussed in more detail elsewhere. 20, 21 In general, dropouts recorded lower scores on average than completers, and while their weight change after dropout is unknown, a greater loss is not expected. They would thus not be expected to lead to correlations of a different sign from completers. The intention-to-treat analysis reports participants' assessment of the different diets while they were following them. Those who dropped out had lower scores on average, and dropout rate varied between diet, 20,21 but dropouts were not excluded as their assessment of the diets is part of the diets' characteristics. A similar analysis, excluding dropouts, showed the same conclusions.
It is worth noting that the difference in the protein content of the intervention diets relative to that of the habitual (baseline) diet on entry to the study, was greater in the HP when compared with the LP groups as evidenced by urinary nitrogen excretion. 21 This may suggest that the LP groups did not notice much difference between the study diet and their habitual diet. A similar trend was evident for the GI conditions, where change in the GI content, relative to that of the habitual (baseline) diet was greater for the LGI group than the HGI group. However, no differences in experience of LGI versus HGI were revealed. Failure to reveal differences in acceptability and experience between the LGI and HGI condition may have been influenced by the fact that the intervention failed to fully achieve the targeted differences between the LGI and HGI conditions. 21 Research has shown that chronic dietary change can affect mood, and that diets closer to individuals' usual diet may produce lower feelings of deprivation and have an optimal effect on mood and subsequently satisfaction and acceptability of the diet. 44, 45 However, the current analysis failed to show any significant difference in mood variables between the diet groups.
The results of this study reveal a positive relationship between successful weight control and acceptability of the intervention programme. In addition, it suggests that diets higher in protein provide an acceptable and positively experienced dietary approach to successful weight maintenance in obesity. This study provides valuable information on experience and acceptability of a complex, dietary intervention programme for weight control, which can be used to inform development of future dietary interventions and public health campaigns.
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